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ASSOCIATION BETWEEN DELAYED GADOLINIUM-ENHANCED MRI OF
CARTILAGE AND JOINT SPACE NARROWING AND OSTEOPHYTES: A
COHORT STUDY IN PATIENTS WITH PARTIAL MENISCECTOMY WITH
11 YEARS OF FOLLOW-UP
H. Owman y, Y.B. Ericsson y, M. Englund z,x, C. Tiderius y,
J. Tj€ornstrand y, E.M. Roos k, L.E. Dahlberg y. yDept. of Orthopaedics,
Clinical Sci., Malm€o, Sweden; zDept. of Orthopaedics, Clinical Sci., Lund,
Sweden; xClinical Epidemiology Res. & Training Unit, Boston Univ. Sch.
of Med., Boston, MA, USA; kRes. Unit for Musculoskeletal Function and
Physiotherapy, Dept. of Sports Sci. and Clinical Biomechanics, Odense,
Denmark
Purpose: To examine the association between the relaxation time
(T1Gd) of delayed gadolinium-enhanced MRI of cartilage (dGEMRIC)
and grade of tibiofemoral joint space narrowing (JSN) and osteophytosis
11 years later, in a cohort of meniscectomized patients.
Methods: Patients (n ¼ 45) aged 35–50 who had undergone an
arthroscopic partial medial meniscectomy 1–6 years earlier, due to
degenerative meniscal tear, were examined using dGEMRIC. These
patients had no cartilage changes deﬁned as deep clefts or visible
bone at the time of arthroscopy. Eleven years later (12–16 years after
surgery) 34 of these subjects (76%) were evaluated by weight-bear-
ing knee radiography, and tibiofemoral joint changes were graded
according to the Osteoarthritis Research Society International Atlas.
Results: Lower T1Gd in the medial compartment was associated with
higher grade of medial JSN (grade 0, 351 ms; grade 1, 386 ms; grade 2,
342 ms; grade 3, 259 ms [p for trend <0.001]) and more osteophytosis
(score 0, 371ms; score 1, 389ms; score 2, 354ms; score 3, 289ms; score
4, 265 ms; score 5, 275 ms [p for trend ¼ 0.001]). Lower T1Gd in the
lateral compartment was associated with higher grade of lateral JSN
(grade 0, 436 ms; grade 1, 346 ms [p for trend ¼ 0.026]).
Conclusions: The current study suggests that lower T1Gd measured
with dGEMRIC of medial and lateral tibiofemoral cartilage is associated
with higher grade of JSN 11 years later, and medially, also with more
osteophytosis.T1Gd (ms) vs grade of JSN for the medial and lateral compartments.
T1Gd (ms) vs osteophyte score for themedial and lateral compartments.
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QUANTITATIVE CARTILAGE IMAGING AND PATIENT-REPORTED
OUTCOME MEASURES FOR FOUR COMMON FINDINGS OF
FEMOROACETABULAR IMPINGEMENT
D.A. Lansdown, D. Kumar, C. Wyatt, R. Souza, K. Subburaj, S. Lee,
L. Nardo, T.M. Link, S. Majumdar, T.P. Vail. Univ. of California, San
Francisco, San Francisco, CA, USA
Purpose: Femoroacetabular impingement (FAI) encompasses a spec-
trum of disorders, including cam and pincer morphology, which are
thought to contribute to early and progressive osteoarthritis in the hip.
Quantitative magnetic resonance imaging offers a non-invasive way to
assess the cartilage health and structure, and these techniques have
recently been applied in the hip. The purpose of this study was to test
the correlation between radiographic ﬁndings commonly associated
with FAI and quantitative cartilage imaging, labral abnormalities, and
patient reported outcome measures. We hypothesized that evidence of
cartilage and labral pathology would be present in patients with an
alpha angle greater than 65 degrees, a center-edge angle (CEA) greater
than 39 degrees, a positive crossover sign, or the presence of a her-
niation pit.
Methods: After IRB approval, three groups of subjects were
recruited: (1) Control (22 subjects) - asymptomatic subjects with no
radiographic evidence of degenerative changes; (2) Possible femo-
roacetabular impingement (15 subjects) - history of typical hip
symptoms; (3) Early osteoarthritis (62 subjects) – radiographic
Kellgren-Lawrence (KL) grades 1 to 3. Magnetic resonance imaging
data was acquired on a 3 Tesla system (MR750, GE Healthcare,
Waukesha, WI) using an eight-channel phased array cardiac coil.
Coronal, axial-oblique and sagittal T2-weight fat-saturated, ﬂuid-
sensitive FSE sequences as well as a combined SPGR T1r/T2 sequence
were obtained. Two fellowship-trained musculoskeletal radiologists
performed a morphologic evaluation of the hip joint. The alpha
angle and the presence of herniation pits were deﬁned from MR
images. The CEA and crossover sign were assessed with radiographs.
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software and divided into eight sub-regions (Fig. 1). Mean T1r and T2
values for each sub-region were computed. All subjects completed
the HOOS questionnaire, with sub-categories of Symptoms, Pain,
Activities of Daily Living, Sports Activities, and Quality of Life. Sub-
jects were divided into high (65) and low (<65) alpha angle;
high (>39) and normal (30–39) CEA; present or absent crossover
sign; present or absent herniation pit.
Fig. 1. Sagittal MR image of the hip with sub-regions for cartilage quan-
tiﬁcation.
Results: There was no signiﬁcant difference between age, BMI, or KL
distribution for grouping by alpha angle, CEA, or the crossover sign.
The distribution of the four parameters associated with FAI is shown
in Table 1. Subjects with a high CEA had increased relaxation times
in the posterior acetabulum (R3) for T1r (39.2 ms vs 36.7 ms; p ¼
0.051) and T2 (30.7 ms vs. 27.8 ms; p ¼ 0.064), as well as decreased
T1r values in the superior femoral head (R4) (30.9 ms vs. 34.1 ms; p
¼ 0.0063). Subjects with a positive crossover sign had elevated T1r
values (34.3 ms vs. 30.7 ms; p ¼ 0.0057) and T2 values (27.5 ms vs.
24.1 ms; p ¼ 0.0039) in the posterior-inferior acetabulum, and
increased T2 values in the posterior acetabulum (30.8 ms vs. 28.2
ms; p ¼ 0.038). There was no difference between T1r or T2 values
based on alpha angle or herniation pits. All HOOS sub-scores were
signiﬁcantly lower in subjects with a high CEA (Fig. 2). Subjects with
a high alpha angle reported worse HOOS Symptom scores (80.3 vs.
89.4; p ¼ 0.048). The HOOS sub-scores showed no signiﬁcant dif-
ference based on the crossover sign or herniation pits. There was no
difference with regards to the distribution of labral pathology within
any of the four groups.Table 1
Distribution of possible FAI ﬁndings
Alpha angle Center-edge angle
<65 65 30–39 >
Number of Subjects 65 34 40 1
Age (years) 44.0  13.0 45.9  14.5 44.2  14.0 4
BMI (kg/m2) 24.2  3.0 22.9  3.1 23.1  3.3 2
% For 0 29.0% 27.3% 20.0% 3
KL 1 41.9% 30.3% 42.5% 3
Grade 2 19.4% 24.2% 25.0% 3
3 9.7% 18.2% 12.5% 7
*Indicates p ¼ 0.02
yIndicates p ¼ 0.025Conclusions: An increased CEA and the presence of a crossover sign are
associated with signiﬁcant changes in cartilage health, suggesting a
relationship of these speciﬁc mechanical differences with evidence of
early cartilage degeneration. Both groups demonstrated increased T1r
and T2 values in the acetabular cartilage. An elevated CEA is strongly
associated with worse patient reported outcome measures. Herniation
pits appear to be only an incidental ﬁnding and were not associated
with cartilage changes. In conclusion, these results help to characterize
the observed cartilage changes and reported patient scores from com-
mon ﬁndings associated with FAI. Acknowledgement: Funding through
P50 AR060752.
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QUANTITATIVELY-MEASURED BONE MARROW LESIONS IN THE
PATELLOFEMORAL JOINT: DISTRIBUTION AND ASSOCIATION WITH
PAIN
C. Ratzlaff y,z, R. Russell y, J. Duryea y,z. yBrigham and Women’s Hosp.,
Boston, MA, USA; zHarvard Med. Sch., Boston, MA, USA
Purpose: Bone marrow lesions are a well-documented source of pain in
knee OA. However they vary strongly by region of the knee joint, lon-
gitudinally ﬂuctuate in size and by region and, in a signiﬁcant pro-
portion of people shrink, even as knee OA progresses towards joint
death. Patellofemoral joint (PFJ) osteoarthritis (OA) has received little
epidemiologic attention despite accounting for the majority of symp-
tomatic knee OA. It is more likely than the tibiofemoral joint (TFJ) to
cause knee OA symptoms, and even isolated PFJ OA can cause consid-
erable symptoms (Crossley et al, 2011). Clinically, medial PFJ pain is
common, despite the long-held belief that the Q-angle and lateral pull
of the IT band/vastus lateralis will preload the lateral PFJ. The purpose of
this study was therefore to investigate the relationship of BML volume
and weight-bearing pain for the TFJ and PFJ separately, and describe the
medial-lateral distribution of BML in the PFJ.
Methods:A cross-sectional studywas conducted in 115 subjects from the
baseline data of the Osteoarthritis Initiative (OAI) Progression Cohort.
Sagittal turbo spin echo fat saturated (TSE FS) (0.357 0.357 3.0 mm, TR
3200 ms, TE 30 ms) IW MRI were obtained on a 3T Siemens Trio MR
system. A reader used software to segment subchondral BMLs in the
patella and anterior femur (trochlea). Primary outcome: segmented vol-
ume of BMLs (mm3) in the patella, trochlear femoris and in the weight-Crossover sign Herniation pit
39 Present Absent Present Absent
7 21 68 15 79
0.5  12.2 44.9  13.8 45.1  13.9 51.7  11.9* 43.2  13.5*
2.9  3.1 24.3  3.1 23.6  2.9 25.2  3.1 23.6  3.0
0.8% 30.9% 23.8% 31.7% 13.3%
0.8% 25.3% 42.9% 36.7% 46.7%
0.8% 19.1% 23.8% 22.8% 6.7%
.7% 14.7% 9.5% 8.9%y 33.3%y
